Introduction
Carbonates that overlie Neoproterozoic glacial deposits are called "cap carbonates" and are regarded as important keys to understanding the Neoproterozoic events. Low-latitude glaciations, close association of the cap carbonates and diamictites, negative excursions of carbon isotopes have all been used as evidence for the Neoproterozoic "Snowball Earth" hypothesis (Kirschvink, 1992; Hoffman et al., 1998) . This hypothesis demands that cap carbonates record drastic climate change from a "snowball" condition to an ice-free state.
Cap carbonates pose a serious enigma with their unique chemistry; with the lower part containing dolomite in almost all sections and worldwide. Dolomite can be formed authigenically as well as diagenetically. Therefore, the understanding of dolomite formation is essential for the further understanding of such dramatic global events.
In this study we examined dolomites in the Neoproterozoic succession of the Namibian Otavi Group. This rock sequence contains evidence of two glacial deposits and two cap carbonates. We combined our field study with a micro-scale elemental analysis using a Scanning X-ray Analytical Microscope (SXAM) to examine the calcite-dolomite cycles in an attempt to elucidate just how the dolomite formed in cap carbonates.
Calcite-Dolomite Cycles in Rasthof Formation
The lower cap carbonates (Rasthof Formation) in the Otavi Group, Namibia, are 220m thick at our sampling point, and the parallel laminated beds (rhythmites) occupy the basal 15m. The transition from rhythmites to the overlying stromatolitic unit is rather abrupt in outcrop. The rhythmites exhibit cyclic alternation of light -colored carbonate to dark colored layers through the sequence. Petrographic examination of thin sections reveals that the darker layers are rich in calcite and lighter layers are dolomitic.
Elemental analysis was also carried out. We collected about 15m of a continuous series of samples from entire rhythmite unit. The samples were embedded in epoxy resin to make polished slabs. They were analyzed with Scanning X-ray Analytical Microscope (SXAM). The meter-scale cyclic fluctuations in Ca and Mn profiles correlate with the color cycles observed in the outcrop (Fig. 1) . Analysis revealed the detail of the cycles. The cycle boundaries are defined by clay-rich layers corresponding to sharp peaks in Fe and Si . The lower and upper parts of each cycle are rich in calcite, and the middle part is rich in dolomite. If dolomites in the calcite-dolomite cycles were primary, these cycles should be reflecting environmental fluctuations of the carbonate deposition after the Neoproterozoic glaciation.
Turbidite Layers in the Rhythmites
Individual sets of calcite / dolomite cycles as well as the intercalating turbidite and clay layers, can be correlated between measured columnar sections of rhythmites in the Rasthof Formation for up to 20 km (Fig. 2) . In the lower part of the cycles, the contrast of dark colored calcite-rich layers and light colored dolomite-rich layers in the rhythmites are sharp, and the thickness of these cycles is about 1m.
The contrast becomes weaker towards the upper part of the rhythmite. A number of thin, massive carbonate layers intercalate within the rhythmite, some of which show color grading. The contrast of the grading consists of gradual change of the calcite / dolomite ratio. The lower part of each layer is dolomite-rich and upper part calcite-rich. The change of calcite / dolomite ratio is gradual. These features indicate that the layers are turbiditic. Higher concentration of the denser dolomite in the lower part of each layer is concordant with this interpretation.
We found thick turbidite layers that have crucial input for establishing the primary nature of dolomite deposition. Turbidite layers often contain sediment blocks embedded in a dolomite-rich matrix.
These consist of calcite and dolomite as well as clay-rich layers, arranged as finely laminated layers in the surrounding cap carbonate. These blocks are synsedimentary rip-up-clasts derived from the carbonate itself. Furthermore, clasts show plastic deformation that does not continue into the surrounding matrix.
This observation strongly suggests that the alternation of dolomite and calcite layers existed before the clasts were ripped up. Because the clasts were still elastic, at the time when these sediments were still soft, suggesting dolomite was either deposited as a primary component or formed when the sediment was still soft, thus immediately after the sedimentation.
Discussion
The correlation of the calcite-dolomite cycles of the Rasthof Formation and the observation of rip up clasts in turbidite layers suggest that dolomite minerals in the rhythmite cycles were produced by primary dolomite precipitation or seafloor dolomitization when sediment was still soft. There are few dolomitization processes which can explain the above conclusion successfully. The most plausible explanation seems to be a "sulfate depletion model". If sulfate is depleted in seawater to 5% of the present concentration, dolomitization may occur on the seafloor (Tucker, 1990) . We propose that the dolomite in cap carbonates is formed by this process. Our idea is thus in accordance with the study of Hurtgen, et al. (2002) , who suggested that seawater was depleted in sulfate nearly 5% of the present concentration immediately after a "snowball" climatic condition.
The cyclic nature of the observed calcite-dolomite rhythmites may have recorded the cyclic change of factors brought about by the fluctuation in the degree of sulfate depletion, for example, cyclic overturn of, sea currents, climate, fresh-water flux from in flowing river,s etc. The d13C data of the rhythmite part in the Rasthof Formation shows that the value is hovering around -1 per mil in the interval of calcite-dolomite cycles (1.5~10m from the base), even though the d13C data rapidly recovers from -5 per mil to -1 per mil in the basal dolomite interval (0~1,5m from the base) (Yoshioka, et al., 2003) . Thus, during the deposition of the rhythmite interval, the recovering process of primary productivity after a glaciation was interrupted by some factors. Such factors of oceanic water composition at the end of the Neoproterozoic glaciations may influence reorganization of the oceanic biota leading to the flourishing Ediacaran biota.
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